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63'ZDVXVHGIRUVHHGSUHWUHDWPHQWϭϭϵ
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SULPHGLQGLVWLOOHGZDWHUZKLOHWKHRWKHUV ZHUHWUHDWHGZLWKP0387RU63'$IWHUKϭϮϭ
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K\GURSRQLFDOO\ZLWKP0&G12 IRUGD\V&G387VV&GDQG 63'VV&GLQPRGLILHGϭϮϰ
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7KH UHVXOWV ZHUH WKH PHDQV RI DW OHDVW ILIW\ UHSOLFDWHV IRU HDFK WUHDWPHQW IRU WKHϮϭϮ




 %LRPDVV SDUDPHWHUV FKORURSK\OO FRQWHQW FKORURSK\OOD IOXRUHVFHQFH SDUDPHWHUVϮϭϳ
FDGPLXPDQGSUROLQHFRQWHQWVϮϭϴ
,Q WKH ILUVW H[SHULPHQW VHHG VRDNLQJ WKH ELRPDVV SDUDPHWHUV VKRZHG WKDW &GϮϭϵ
WUHDWPHQW GUDPDWLFDOO\ GHFUHDVHG WKH VKRRW DQG URRW JURZWK DQG GHYHORSPHQW RI ZKHDWϮϮϬ
VHHGOLQJV 7DEOH7KH387VVWUHDWPHQW GLGQRWLQIOXHQFH WKHJURZWKSDUDPHWHUV DQG63'VVϮϮϭ
RQO\LQGXFHGDVOLJKW EXWVWDWLVWLFDOO\VLJQLILFDQWLQFUHDVHLQ WKHVKRRWOHQJWK 7KHFRPELQHGϮϮϮ
WUHDWPHQW387VV&GGHFUHDVHGWKHQHJDWLYHHIIHFWRI&GRQVKRRWDQGURRWOHQJWKDQGVKRRWϮϮϯ
): ZKLOH 63'VV RQO\ DOOHYLDWHG WKH &GLQGXFHG GHFUHDVH LQ VKRRW ): &G DSSOLFDWLRQϮϮϰ
VLJQLILFDQWO\ LQFUHDVHG WKH&G FRQWHQW LQ ERWK RI WKH OHDYHV DQG URRWV RIZKHDW SODQWV DQGϮϮϱ
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ϮϮϲ
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 DQG HIIHFWLYHϮϮϳ
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TXDQWXP\LHOGRI36,,KRZHYHU WKLVZDVDOOHYLDWHGE\387VVDQGHYHQPRUHE\ϮϮϴ
63'VV 7KHSUROLQHFRQWHQWLQFUHDVHGLQWKHURRWVRISODQWVSUHWUHDWHGZLWK387VV RU 63'VVϮϮϵ




,Q WKH VHFRQG H[SHULPHQWZKHQGD\ROGSODQWVZHUH H[SRVHG WR GD\VRI&GϮϯϰ
VWUHVV VLJQLILFDQWO\GHFUHDVHLQWKHFKORURSK\OOFRQWHQW WKH)Y)PDQG'))P¶ FKORURSK\OODϮϯϱ
IOXRUHVFHQFHSDUDPHWHUV LQWKHOHDYHVZKLOHLQFUHDVH LQWKH SUROLQHFRQWHQWLQWKHURRWV ZHUHϮϯϲ
GHWHFWHG +\GURSRQLFDOO\ DSSOLHG P0387SUHWUHDWPHQWIRUGD\VLQGXFHGJUHDWHUVKRRWϮϯϳ




DIWHU &GDORQH ,QFRPSDULVRQZKHQP063' ZDVDSSOLHGDORQH LWKDGDQHJDWLYHHIIHFWϮϰϮ
RQ URRWJURZWK DQGFKORURSK\OO FRQWHQW DQG LQGXFHGKLJKSUROLQHDFFXPXODWLRQ LQERWK WKHϮϰϯ
OHDYHVDQGURRWV IXUWKHUPRUH 63'K\G SUHWUHDWPHQWHQKDQFHGWKHHIIHFWRI&GDVWKHORZHVWϮϰϰ
ELRPDVVYDOXHV DQGFKORURSK\OOFRQWHQW DQGWKHKLJKHVWSUROLQHDFFXPXODWLRQZHUH UHFRUGHGϮϰϱ
DIWHU63'K\G&GWUHDWPHQW 7KHKLJKHVW&GDFFXPXODWLRQZDVIRXQGLQWKHOHDYHVDQGURRWVϮϰϲ








LQ WKH OHDYHV WKDQ LQ WKH URRWV LQ WKHFDVHRI*5$3;DQG*32' 3$VDSSOLHGDORQHDVϮϱϰ
VHHGVRDNLQJKDGQR LQIOXHQFH RQ WKHVHHQ]\PHV7DEOH EXWDIWHU&GWUHDWPHQWWKHSRVLWLYHϮϱϱ
HIIHFWVRI387DQG63'VHHGSUHWUHDWPHQWVZHUHPDQLIHVWHGLQWKHORZHUDFWLYLW\RI&$7LQϮϱϲ
WKH OHDYHV DQG URRWV $3; LQ WKH OHDYHV DQG *67 LQ WKH URRWV VXJJHVWLQJ ORZHU OHYHO RIϮϱϳ
GDPDJH7KHVHUHVXOWV WRJHWKHUZLWKWKHELRPDVVDQGSKRWRV\QWKHVLVSDUDPHWHUV VXJJHVWWKDWϮϱϴ
SUHWUHDWPHQW RI WKH VHHGVZLWK 387RU 63' UHGXFHG WKH DGYHUVH HIIHFW RI&G WR D FHUWDLQϮϱϵ
H[WHQWϮϲϬ
,QWKHVHFRQGH[SHULPHQW&GVWUHVVDOVR LQGXFHG*32'DFWLYLW\LQWKHOHDYHVDQG*5Ϯϲϭ
&$7 DQG$3; DFWLYLW\ LQ WKH URRWV 7DEOH  3$ WUHDWPHQWV DORQH DSSOLHG K\GURSRQLFDOO\ϮϲϮ
LQIOXHQFHG WKH DQWLR[LGDQW HQ]\PHV DFWLYLWLHV DV 387K\G SUHWUHDWPHQW GHFUHDVHG WKH OHDIϮϲϯ
&$7DQG$3;DFWLYLW\ZKLOH63'K\G SUHWUHDWPHQWWHQGHGWRLQGXFHWKHDQWLR[LGDQWV\VWHPϮϲϰ
OHDGLQJ WR LQFUHDVHG *5 DQG *67 DFWLYLW\ LQ WKH URRWV VXJJHVWLQJ WKDW 63' VWUHVVHG WKHϮϲϱ
SODQWV 6LPLODU DQWLR[LGDQW HQ]\PH DFWLYLWLHV ZHUH REVHUYHG LQ WKH 387K\G&G DQG &GϮϲϲ
WUHDWPHQWVZKLOH WKH63'K\G&G WUHDWPHQW UHVXOWHG LQ WKHKLJKHVW*5*67$3;DQG*Ϯϲϳ
32'DFWLYLWLHV LQ WKHURRWVVXJJHVWLQJJUHDWHU UHVSRQVH WRR[LGDWLYHSUHVVXUHDV DQDGGLWLYHϮϲϴ
HIIHFWRI63'DQG&GϮϲϵ
ϮϳϬ
 &KDQJHVLQ3$ FRQWHQW DQGFDWDEROLVPϮϳϭ
6RDNLQJVHHGV LQ387DQG63'DORQHLQGXFHGYDULRXVFKDQJHVLQWKH3$ FRQWHQWVϮϳϮ
7KH 387VV WUHDWPHQW GLG QRW VLJQLILFDQWO\ LQIOXHQFH WKH 387 63' RU 630 OHYHOV LQ WKHϮϳϯ
OHDYHVEXWGHFUHDVHG WKH387OHYHO LQ WKHURRWV ,QFRQWUDVW 63'VV WUHDWPHQW LQFUHDVHG WKHϮϳϰ
DPRXQWVRI387DQG 630LQWKHOHDYHVUHYHDOLQJWKHIXQFWLRQLQJ RIWKH3$F\FOH)LJ $Ϯϳϱ
& &G VWUHVV FDXVHG D JUHDW DFFXPXODWLRQ RI387 LQ ERWK WKH OHDYHV DQG URRWV EXW KDUGO\Ϯϳϲ
ϭϮ
LQIOXHQFHG WKH OHYHO RI KLJKHU 3$V 63' RU 630 DV RQO\ VOLJKW WKRXJK VWDWLVWLFDOO\Ϯϳϳ
VLJQLILFDQWGHFUHDVHLQURRW63'DQGOHDI630FRQFHQWUDWLRQZHUHREVHUYHG)LJ$& &GϮϳϴ
LQGXFHG LQFUHDVHV LQ WKH 387 OHYHO ZDV DOVR IRXQG LQ 387VV&G DQG 63'VV&GWUHDWHGϮϳϵ
SODQWV,QWKHFDVHRIWKHOHDYHVRI387VV&GWUHDWHGSODQWVWKLVLQFUHPHQWZDVWHQGHQWLRXVO\ϮϴϬ
EXW QRW VWDWLVWLFDOO\ VLJQLILFDQWO\ ORZHU FRPSDUHG WR WKH RWKHU &G WUHDWPHQWV &G RUϮϴϭ
63'VV&G)LJ$&ϮϴϮ
7KH '$2 DQG 3$2 DFWLYLWLHV LQ WKH OHDYHV ZHUH KDUGO\ LQIOXHQFHG E\ WKHϮϴϯ
WUHDWPHQWVH[FHSWIRU3$VHHGVRDNLQJDORQHZKHUHWKH'$2DFWLYLW\GHFUHDVHGLQWKH387VVϮϴϰ
DQGLQFUHDVHGLQ WKH63'VV WUHDWPHQW 7DEOH ,QWKHURRWV&GWUHDWPHQWHLWKHUDORQHRU LQϮϴϱ
FRPELQDWLRQZLWK3$VGHFUHDVHGWKH'$2DFWLYLW\7KHORZHVWURRW'$2DQG3$2DFWLYLWLHVϮϴϲ
ZHUH REVHUYHG LQ WKH FDVHRI WKH387VV&G WUHDWPHQWZKLOH WKH63'VVSUHWUHDWPHQW RQO\Ϯϴϳ
VOLJKWO\DOOHYLDWHGWKHGHFUHDVLQJHIIHFWRI&GVWUHVV7DEOHϮϴϴ
7KH387K\G DQG63'K\G WUHDWPHQWVDORQH LQFUHDVHG WKHHQGRJHQRXV3$FRQWHQWϮϴϵ
38763'DQGHYHQ630HVSHFLDOO\LQWKHURRWV)LJ')VKRZLQJ WKDWWKH387RU63'ϮϵϬ
WDNHQ XS E\ ZKHDW SODQWV LV PHWDEROLVHG LQ WKH 3$ F\FOH $PRQJ WKH 3$V WKH PRVWϮϵϭ
SURQRXQFHGFKDQJHVZHUHREVHUYHG LQ WKH387FRQWHQW%HVLGHV WKH3$SUHWUHDWPHQWV&GϮϵϮ
DOVR LQFUHDVHG WKH 387 OHYHO LQ WKH OHDYHV DQG URRWV DQG WKH FRPELQHG WUHDWPHQWVϮϵϯ
387K\G&G RU 63'K\G&G ZHUH IRXQG WR KDYH DQ DGGLWLYH HIIHFW ZLWK WKH KLJKHVWϮϵϰ
DFFXPXODWLRQRI387LQWKH63'K\G&GWUHDWPHQWϮϵϱ
$VDOVRIRXQGLQWKHILUVWH[SHULPHQWVHHGVRDNLQJWUHDWPHQW387SUHWUHDWPHQWϮϵϲ
GHFUHDVHG EXW &G GLG QRW FKDQJH WKH '$2 DFWLYLW\ LQ WKH OHDYHV VWDWLVWLFDOO\ VLJQLILFDQWO\Ϯϵϳ








3$ SUHWUHDWPHQWV DSSOLHG DV VHHG VRDNLQJ GLG QRW LQIOXHQFH WKH 6$ FRQWHQW &GϯϬϱ
DORQH LQGXFHGDGUDPDWLFDFFXPXODWLRQRI6$LQERWKWKHIUHHDQGERXQG IRUPVLQWKHOHDYHVϯϬϲ














63'DV VHHG VRDNLQJ DORQH GLG QRW LQIOXHQFH WKH H[SUHVVLRQ RI HLWKHU$'&RU2'&ZKLOHϯϮϭ
ZKHQZHUHDSSOLHGK\GURSRQLFDOO\ WKHVH3$VVLJQLILFDQWO\LQFUHDVHGWKHH[SUHVVLRQOHYHORIϯϮϮ
$'&EXWQRW2'& )LJ$&&GVWUHVVDOVRLQFUHDVHGWKHOHYHORI$'&WUDQVFULSW LQERWKϯϮϯ
RIWKH H[SHULPHQWV VHHGVRDNLQJDQGK\GURSRQLFWUHDWPHQWV )LJ$%+RZHYHULQFDVHϯϮϰ
RIWKHFRPELQHGWUHDWPHQWV3$VHHGVRDNLQJHVSHFLDOO\63'VV&GLQFUHDVHGWKH$'&DQGϯϮϱ
ϭϰ
2'&H[SUHVVLRQZKLOHLQWKHK\GURSRQLFWUHDWPHQWORZHUWUDQVFULSWLRQ OHYHOV ZHUH IRXQGLQϯϮϲ
WKH OHDYHVRI387K\G&G DQG63'K\G&GWUHDWHGSODQWV WKDQ LQ WKH&GWUHDWHGRQHV)LJϯϮϳ
%'ϯϮϴ
,Q WKH ILUVW H[SHULPHQW RQO\ 387VV SUHWUHDWPHQW GHFUHDVHG WKH H[SUHVVLRQ OHYHO RIϯϮϵ






0DQ\ VWXGLHV KDYH UHSRUWHG DQ LQFUHDVHG OHYHO RI 3$V ZKHQ SODQWV DUH H[SRVHG WRϯϯϲ
DELRWLF VWUHVV FRQGLWLRQV IXUWKHUPRUH HQKDQFHG DELRWLF WROHUDQFH KDV EHHQ UHSRUWHG DIWHUϯϯϳ
YDULRXV 3$ WUHDWPHQWV PDLQO\ GXH WR 3$V DFWLQJ DV DQWLR[LGDQWV RU LQIOXHQFLQJ WKHϯϯϴ
DQWLR[LGDQW V\VWHP *KRVKHW DO  3DUYLQ HW DO +RZHYHU UHFHQW UHYLHZV KDYHϯϯϵ
LQGLFDWHG WKDW 3$V DUH NH\ FRPSRXQGV LQ VLJQDOOLQJ LQWHUDFWLQJ ZLWK HQGRJHQRXV SODQWϯϰϬ
KRUPRQHV DQGLQIOXHQFLQJ VHYHUDOGHIHQFHPHFKDQLVPV HYHQ DWWKHJHQHH[SUHVVLRQOHYHO/LXϯϰϭ
HWDO0LOOHU)OHPLQJHWDO3iOHWDOϯϰϮ
3$VDUHXVXDOO\FRQVLGHUHGWREH VLPLODUPROHFXOHV ZLWKURERUDQW DQGSURWHFWLYHUROHVϯϰϯ
+RZHYHU QRWRQO\PD\GLIIHUHQW3$V KDYHGLIIHUHQWHIIHFWV EXW WKHHIIHFWPD\ DOVRYDU\DVDϯϰϰ
IXQFWLRQRIWKHW\SHRIWUHDWPHQW,QWKHSUHVHQWH[SHULPHQWWKHSURWHFWLYHHIIHFWRI387DQGϯϰϱ
63' XVHGLQWKHVDPHFRQFHQWUDWLRQ ODUJHO\GHSHQGHG RQWKHW\SHRIWUHDWPHQW%RWK387DQGϯϰϲ
63'ZHUH HIIHFWLYHDJDLQVW&G VWUHVV LQZKHDWZKHQXVHGIRU VHHGVRDNLQJEXWRQO\ 387ZDVϯϰϳ
EHQHILFLDOLQWKHFDVHRI K\GURSRQLFSUHWUHDWPHQW7KHSRVLWLYHHIIHFWRIWKH387VV WUHDWPHQWϯϰϴ
ZDV PDQLIHVWHG PDLQO\ DV DQ LQFUHDVH LQ ELRPDVV SDUDPHWHUV WKDW RI 63'VV DV LPSURYHGϯϰϵ
SKRWRV\QWKHVLVUHODWHG SDUDPHWHUV DQG K\GURSRQLF 387 SUHWUHDWPHQW LQFUHDVHG VKRRWϯϱϬ
ϭϱ
ELRPDVV SURGXFWLRQ FKORURSK\OOD IOXRUHVFHQFH SDUDPHWHUV DQG FKORURSK\OO FRQWHQW XQGHUϯϱϭ
FDGPLXPVWUHVVFRQGLWLRQV ,QFRQWUDVWVSUD\LQJZLWK63'DQG630 ZHUHIRXQGWRUHGXFHϯϱϮ
&GVWUHVVLQGHWDFKHG ULFHOHDYHVZKLOH387GLGQRW+VXHWDOϯϱϯ
6HYHUDO VWXGLHV KDYH GHPRQVWUDWHG WKH SURWHFWLYH UROH RI 3$V DJDLQVW YDULRXV VWUHVVϯϱϰ
IDFWRUV WKURXJK WKH UHJXODWLRQ RI FDWLRQ FRQFHQWUDWLRQ DQWLR[LGDQWV SKRWRV\QWKHVLVϯϱϱ
SK\WRKRUPRQHVDQGJHQHH[SUHVVLRQ0LQRFKDHWDO3iOHWDO,WLVHYLGHQWWKDWϯϱϲ






3$WUHDWPHQWVRQZKHDWSODQWVXQGHU&GVWUHVV LQYROYLQJFKDQJHVLQ WKH3$PHWDEROLVP ,Qϯϲϯ
WKHILUVWH[SHULPHQWRQO\63'VVLQFUHDVHG WKH630FRQWHQWLQWKHOHDYHVZKLOHLQWKHVHFRQGϯϲϰ
H[SHULPHQW387K\G RU 63'K\G LQFUHDVHGWKH387DQG63'FRQWHQWV HVSHFLDOO\LQWKHURRWVϯϲϱ
DQG WKH 630 OHYHO RQO\ URVH LQ WKH URRWV VXJJHVWLQJ WKDW 387 RU 63' XSWDNH UHVXOWHG LQϯϲϲ
IXUWKHU V\QWKHVLV WR 63' RU 630$V DOVR UHSRUWHG E\ RWKHU DXWKRUV *URSSD HW DO ϯϲϳ
 WKHJUHDWHVWLQFUHDVHLQ3$FRQWHQWLQGXFHGE\&GZDVREVHUYHGIRU387LQWKHOHDYHVϯϲϴ
DQGURRWVRIZKHDWSODQWVLQERWKWKHH[SHULPHQWVZKLFKFDQEHH[SODLQHGE\WKHLQFUHDVHGϯϲϵ
JHQH H[SUHVVLRQ OHYHO RI $'& $OWKRXJK WKH FRPELQHG WUHDWPHQWV 387VV&G 63'VV&GϯϳϬ
DQGHYHQ387K\G&GUHVXOWHG LQVLPLODU3$SDWWHUQV63'K\G&GFDXVHGKLJKHU OHDI387ϯϳϭ






FKDQJH GXULQJ WKH GD\ IXUWKHUPRUH GLIIHUHQFHVPD\ RFFXUV EHWZHHQGLIIHUHQW RUJDQV URRWϯϳϳ
VWHP OHDI RU VHHG XSSHU DQG ORZHU OHDYHV RU EHWZHHQ EDVDO DQG DSLFDO OHDI VHJPHQWVϯϳϴ
3DVFKDOLGLV DQG5RXEHODNLV$QJHODNLV  3ODQWV WU\ WRPDLQWDLQ DQ RSWLPXP3$ SRROϯϳϵ
DQG3$UDWLR DVWKHDFFXPXODWLRQRI387 LQWKHSUHVHQWH[SHULPHQWUHVXOWHGIURPWKHXSWDNHϯϴϬ
RI387 387K\G&G RU WKH EDFNFRQYHUVLRQ RI WKH63' WDNHQXS WR387 63'K\G&Gϯϴϭ
OHDGLQJ WR D KLJK 38763'630 UDWLR KDV EHHQ UHSRUWHG WR UHVXOW LQ SODQW LQMXU\ XQGHUϯϴϮ
VWUHVV FRQGLWLRQV 6KX HW DO  7KDWPD\ DOVR EH WKH UHDVRQZK\ WKH LQKLELWLRQ RI WKHϯϴϯ
H[SUHVVLRQ RI 2'& ZDV IRXQG LQ 387K\G&G DQG 63'K\G&GWUHDWHG SODQWV 6XSSOϯϴϰ
)LJ 7KHUHVXOWLQJKLJK387OHYHOLQ63'K\G&GWUHDWHGSODQWVPD\KDYHQHJDWLYHHIIHFWVϯϴϱ
DVVKRZQE\WKHGHFUHDVHLQELRPDVVSDUDPHWHUV DQG FKORURSK\OOFRQWHQW DQGWKHKLJKHVW&Gϯϴϲ
DFFXPXODWLRQ LQERWK WKH OHDYHV DQG URRWV $OWKRXJK LQFUHDVHG3$FRQWHQWZDV IRXQG WREHϯϴϳ
UHVSRQVLEOH IRU WKH &GLQGXFHG GDPDJH WKH LQKLELWLRQ RI 387 V\QWKHVLV FRXOG QRW UHVWRUHϯϴϴ
QRUPDOURRWJURZWKLQZKHDWSODQWV*URSSDHWDO 7KHXQFRQWUROODEOHLQFUHDVHLQWKHϯϴϵ
387OHYHOPD\DOVRH[SODLQ WKHQHJDWLYHHIIHFW RIKLJKHU3$V 63'DQG630REVHUYHG LQϯϵϬ
PDL]H6]DODLHWDO+RZHYHU63'KDVEHHQUHSRUWHGWRVWLPXODWHURRW&GXSWDNHEXWϯϵϭ
QRW WUDQVORFDWLRQ LQWR WKH OHDYHV RI %UDVVLFD MXQFHD $RXQ HW DO  63' DQG 630ϯϵϮ
WUHDWPHQWV GHFUHDVHG WKH &G FRQWHQW LQ GHWDFKHG ULFH OHDYHV +VX DQG .DR  ,Q WKHϯϵϯ
SUHVHQW H[SHULPHQWV &G WUHDWPHQWV LQ FRPELQDWLRQ ZLWK 63' UHVXOWHG LQ WKH KLJKHVW &Gϯϵϰ
DFFXPXODWLRQ LQ WKHURRWVKRZHYHU WKH WUDQVORFDWLRQRI&G LQWR WKH OHDYHV LQ63'K\G&Gϯϵϱ








QRW DOZD\V FRUUHODWHGZLWK H[SUHVVLRQ OHYHO RI WKH JHQHV DV SRVWWUDQVFULSWLRQDO UHJXODWLRQϰϬϯ
PD\ DOVR RFFXU .RYiFV HW DO  DQG RWKHU PHFKDQLVP PD\ DOVR EH LQYROYHG LQ WKHϰϬϰ
PDLQWHQDQFH RI WKH RSWLPDO 3$ SRRO $SRSODVWLF '$2 DFWLYLW\ GLG QRW FKDQJH XQGHU WKHϰϬϱ
SUHVHQWFRQGLWLRQVEXW WKLV'$2LV UHVSRQVLEOH IRU WKH WHUPLQDOFDWDEROLVPRI387QRW IRUϰϬϲ
WKH EDFNFRQYHUVLRQ RI 63' WR 387 $FFRUGLQJ WR WKHVH WKH DOUHDG\ KLJK DSRSODVWLFϰϬϳ
'$23$2DFWLYLWLHVDUHUHVSRQVLEOHIRUWKHFDWDEROLVPRI3$GXHWRWKHFRQWUROOHG3$H[RGXVϰϬϴ
LQWRWKHDSRSODVW&RQDHWDO63'VVDQG63'K\GWUHDWPHQWVDORQHDOVRLQFUHDVHGWKHϰϬϵ
387 FRQWHQW LQ WKHVH FDVHV WKH EDFNFRQYHUVLRQ RI WKH XSWDNHQ 63' WR 387 VKRXOG EHϰϭϬ
RFFXUUHG DV VXJJHVWHG LQ ZKHDW DQG PDL]H SODQWV 6]DODL HW DO  ,Q WKH SUHVHQWϰϭϭ
H[SHULPHQWGHSHQGLQJRQWKHDSSOLHG3$DQGRQWKHW\SHRIWUHDWPHQWGLIIHUHQWPHFKDQLVPVϰϭϮ
PD\RFFXUDQGUHVXOWWKHREVHUYHGFKDQJHVLQWKH3$SRRO3RVVLEOHPHFKDQLVPVDQGFKDQJHVϰϭϯ
ZHUH GLVFXVVHG RQ 6XSSO )LJ FRPSDULQJ 387VV&G 387K\G&G 63'VV&G DQGϰϭϰ
63'K\G&GWUHDPHQWVϰϭϱ
&KDQJHV LQHQGRJHQRXV6$FRQWHQWGXULQJDELRWLF VWUHVVDQG WKHSURWHFWLYHHIIHFWRIϰϭϲ
H[RJHQRXVO\DSSOLHG6$KDYH DOVREHHQGHPRQVWUDWHG $VDSODQWKRUPRQH 6$ LVLQYROYHGLQϰϭϳ
JHQHUDOVWUHVVUHVSRQVHVLQDFRPSOH[UHODWLRQVKLSZLWKRWKHUSODQWKRUPRQHVOHDGLQJWRWKHϰϭϴ
UHJXODWLRQ RI JHQH H[SUHVVLRQ 7KHUH LV HYLGHQFH WKDW QRW RQO\PD\ 6$ FDXVH D ULVH LQ WKHϰϭϵ
TXDQWLW\RI526LQWKHFHOOEXW526PD\DOVROHDGWRWKHDFFXPXODWLRQRI6$ VXJJHVWLQJWKHϰϮϬ










GLIIHUHG EHFDXVHLQ WKHILUVWH[SHULPHQW WKHVHHGOLQJVZHUHLPPHGLDWHO\ H[SRVHGWR&GDIWHUϰϯϬ





WKH ULVH LQ 6$FRQWHQW FDXVHGE\&G LQ WKH OHDYHVZKLOH WKH63'K\G&G WUHDWPHQWKDG DQϰϯϲ
DGGLWLYH HIIHFW RQ6$FRQWHQW LQ WKH URRWV 6$ LV D ZHOONQRZQKRUPRQH LQYROYHG LQ VWUHVVϰϯϳ
VLJQDOOLQJLQSODQWV DQGH[SRVXUHWR&GKDVEHHQVKRZQWRVWLPXODWH6$DFFXPXODWLRQLQWKHϰϯϴ
URRWV 'DO&RUVR HW DO  ,QPXWDQW OLQHV RI $UDELGRSVLV 6$ GHILFLHQF\ GHFUHDVHG WKHϰϯϵ
JURZWK LQKLELWLRQ FDXVHGE\3ERU&GVWUHVVDQG WKHFRQVHTXHQWEORFNDJHRI6$VLJQDOOLQJϰϰϬ
DOVRKDGDVOLJKW SURWHFWLYHHIIHFW 7DRHWDO 7KHKLJKHVW6$DQG387DFFXPXODWLRQϰϰϭ
ZDV IRXQG DW ZKROH SODQW OHYHO LQ 63'K\G&GWUHDWHG SODQWV 6XSSO )LJ  7KLV LV QRWϰϰϮ
VXUSULVLQJDVDFORVHFRUUHODWLRQKDVUHFHQWO\EHHQUHSRUWHGEHWZHHQWKHHQGRJHQRXV3$DQGϰϰϯ
6$FRQWHQWVZKLFKPD\EH UHVSRQVLEOH IRU WKH QHJDWLYH HIIHFW RI JUHDWHU FRQFHQWUDWLRQV RIϰϰϰ
KLJKHU 3$V 63' DQG 630 6]DODL HW DO  &RPSDUHG WR WKH FRUUHVSRQGLQJ &Gϰϰϱ
WUHDWPHQWV KLJKHU URRW *5 *67 $3; DQG *32' DFWLYLWLHV ZHUH DOVR IRXQG IRUϰϰϲ
63'K\G&Gϰϰϳ









WUHDWPHQWV LQFUHDVHG WKH SUROLQH FRQWHQW ZLWK WKH PRVW GUDPDWLF LQFUHDVH LQ WKH OHDYHV RIϰϱϲ
63'K\G&GWUHDWHG SODQWVZKHUHWKHKLJKHVW&GXSWDNH ZDVREVHUYHG 6XSSO)LJ 7KLVϰϱϳ
ILQGLQJ LV LQ DFFRUGDQFHZLWK WKH VXJJHVWLRQ WKDW SUROLQHPD\ IXQFWLRQ DV DPHWDO FKHODWRUϰϱϴ
6KDUPDHWDOϰϱϵ
:KHQ &G HQWHUV WKH F\WRVRO WKH V\QWKHVLV RI PHWDOELQGLQJ OLJDQGV LV DFWLYDWHG LQϰϲϬ





,Q D SUHYLRXV VWXG\ LW ZDV GHPRQVWUDWHG WKDW 387 SUHWUHDWPHQW LQKLELWHG 3&ϰϲϲ
V\QWKHVLV DW WKH PROHFXODU DQG JHQH H[SUHVVLRQ OHYHOV LQ ULFH 3iO HW DO  6LPLODUO\ϰϲϳ
630&G WUHDWPHQW GHFUHDVHG WKH 3& OHYHOV LQ WKH URRWV RI&DQDYDOLD OLQHDWD <XQ HW DOϰϲϴ
,QFRQWUDVWWKHSRVLWLYHHIIHFWRI3$WUHDWPHQWVZDVIRXQGLQVRPHFDVHVWRUHVXOWLQϰϲϵ
KLJKHU3& FRQWHQW +VX DQG.DR &KRXGKDU\ HW DO 1DKDU HW DO ZKLOHϰϳϬ
RWKHUDXWKRUVUHSRUWHGWKDW3$VKDGQRHIIHFWRQWKH3&OHYHO *URSSDHWDO7KH 3$ϰϳϭ
PHWDEROLVPPD\LQIOXHQFHWKHV\QWKHVLVRI3&VQRWRQO\GXHWR V\QWKHVLVDQWDJRQLVP&\VLVϰϳϮ
WKH FRPPRQ SUHFXUVRU RI KLJKHU 3$V DQG 3&V EXW DOVR WR WKH IDFW WKDW 3$V DUH PHWDOϰϳϯ





DSSOLFDWLRQRI63' UHGXFHGJHQHH[SUHVVLRQ LQ WKH OHDYHV GXULQJ &GVWUHVV +RZHYHU WKHVHϰϳϴ




$OWKRXJK FHUWDLQ 3$ SUHWUHDWPHQWV 387VV 63'VV RU K\GURSRQLF 387 SURYLGHGϰϴϯ
SURWHFWLRQ DJDLQVW KHDY\PHWDO VWUHVV LQ ZKHDW WKHVH EHQHILFLDO HIIHFWV ZHUH QRW UHODWHG WRϰϴϰ
GHFUHDVHG&GXSWDNH3$SUHWUHDWPHQW LQLWVHOIGLGQRWLQIOXHQFH WKH3&6JHQHH[SUHVVLRQ LQϰϴϱ
WKHURRWV +RZHYHU 3$VDOVRKDYHPHWDOFKHODWLQJDELOLW\ZKLFKFRXOGH[SODLQZK\JUHDWHUϰϴϲ
&GTXDQWLWLHV ZHUH GHWHFWHGLQSODQWVWUHDWHGK\GURSRQLFDOO\ZLWK63' 7KHQHJDWLYHHIIHFWRIϰϴϳ
K\GURSRQLF63'ZDVFRUUHODWHG ZLWKWKHKLJKHVWDFFXPXODWLRQRI3876$DQGSUROLQH7KHϰϴϴ
UHVXOWV GHPRQVWUDWHG WKDW FKDQJHV LQ WKH 3$ SRRO DUH LPSRUWDQW IRU WKH ILQH WXQLQJ RI 3$ϰϴϵ
LQGXFHGVWUHVVWROHUDQFHDQGIRUWKHKRUPRQDOEDODQFH+RZHYHUD EHWWHUXQGHUVWDQGLQJRI WKHϰϵϬ















PLWLJDWLRQ E\ SRO\DPLQHEUDVVLQRVWHURLG DSSOLFDWLRQ LQYROYHV SK\WRKRUPRQDO DQGϱϬϱ
SK\VLRORJLFDOVWUDWHJLHVLQ5DSKDQXVVDWLYXV /3OR621( HϱϬϲ
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WKH DQWLR[LGDQW EHKDYLRU RI VSHUPLQH LQ FDGPLXP DQG FRSSHUWUHDWHG ZKHDW OHDYHVϱϮϲ
%LRPHWDOVϱϮϳ












PRGLILHV WKH DFFOLPDWLRQ SURFHVVHV WR GURXJKW RU FDGPLXP LQ ZKHDW (QYLURQ ([SϱϰϬ
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 7KH SRO\DPLQHV DQG WKHLU FDWDEROLF SURGXFWV DUH VLJQLILFDQW SOD\HUV LQ WKHϱϱϵ
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3RO\DPLQH DQG QLWULF R[LGH FURVVWDON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PXQJEHDQSODQWV WKURXJKXSUHJXODWLQJ WKHPHWDO GHWR[LILFDWLRQ DQWLR[LGDQW GHIHQVHϱϲϯ
DQGPHWK\OJO\R[DOGHWR[LILFDWLRQV\VWHPV (FRWR[LFRO(QYLURQ6DIϱϲϰ
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3DUYLQ 6 /HH 25 6DWKL\DUDM * .KRUROUDJFKDD $ .LP <- <DQJ '& ϱϴϱ
6SHUPLGLQH DOOHYLDWHV WKH JURZWK RI VDOLQHVWUHVVHG JLQVHQJ VHHGOLQJV WKURXJKϱϴϲ
DQWLR[LGDWLYHGHIHQVHV\VWHP *HQHϱϴϳ
3DRODFFL $5 7DQ]DUHOOD 2$ 3RUFHGGX ( &LDIIL 0  ,GHQWLILFDWLRQ DQGϱϴϴ
















EHWZHHQ VDOLF\OLF DFLG DQG SRO\DPLQHV DQG WKHLU SRVVLEOH UROHV LQ WRPDWR KDUGHQLQJϲϬϰ
SURFHVVHV$FWD%LRO6]HJHGϲϬϱ
7DNiFV=3RyU37DUL ,&RPSDULVRQRISRO\DPLQHPHWDEROLVP LQ WRPDWRSODQWVϲϬϲ
H[SRVHG WR GLIIHUHQW FRQFHQWUDWLRQV RI VDOLF\OLF DFLG XQGHU OLJKW RU GDUN FRQGLWLRQVϲϬϳ
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LPSOLFDWHG LQ KHDY\ PHWDO WROHUDQFH LQ D VSHUPLGLQH V\QWKDVH RYHUH[SUHVVLQJϲϭϳ
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RU63'VVDQGRUP0&G12 WUHDWPHQW &G387VV&GDQG63'VV&G IXUWKHUPRUHϲϯϳ
P0SXWUHVFLQHRUVSHUPLGLQHK\GURSRQLFSUHWUHDWPHQW 387K\GRU63'K\GDQGRUϲϯϴ
P0 &G12 WUHDWPHQW &G 387K\G&G DQG 63'K\G&G RQ WKH SRO\DPLQH FRQWHQWVϲϯϵ
QDPHO\SXWUHVFLQH387 $ DQG'VSHUPLGLQH63'% DQG(DQGVSHUPLQH630& DQG)ϲϰϬ
LQ WKH OHDYHV DQG URRWV RI ZKHDW SODQWV'DWD UHSUHVHQWPHDQ YDOXHV 6''LIIHUHQW OHWWHUVϲϰϭ
LQGLFDWHVLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHWUHDWPHQWVDW3ϲϰϮ
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387VVϲϰϯ
RU63'VV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 WUHDWPHQW 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Ϯϳ
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12 WUHDWPHQW &G 387K\G&G DQG 63'K\G&G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6$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$ DQG&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)LJXUH  &KDQJHV LQ WKH JHQH H[SUHVVLRQ RI WKH DUJLQLQH GHFDUER[\ODVH $'& $%ϲϱϬ




&G12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